Artificial neural network (ANN) methodology has found some recent applications as efficient control tools for satisfying free residual chlorine (FRC) levels at critical locations of water distribution systems. This particular research was started to critically investigate the potential and applicability of the ANN approach as a tool for controlling FRC levels for complex water distribution systems supplied by high quality waters with low chlorine demands. Konyaalti Water Distribution System, operated by Antalya Water and Wastewater Administration, Turkey, has been selected as a pilot. The selected system is complex in structure and supplied with raw water which has high quality and low decay rate of chlorine. The study has shown that ANN models with high predictive power and precision can be developed for such water distribution systems, and that these models can be utilized for forecasting purposes. The data for model building should be collected properly if the developed ANN models are to be utilized as control instruments for FRC levels within water distribution systems.
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. The claim was that simple processbased deterministic models do not adequately represent dynamics of chlorine decay mechanisms which are not well understood. Clark & Haught (2005) explained the difficulties in terms of uncharacterized effects of biofilms, corrosion or other unobserved processes that occur within the water distribution systems. Another difficulty with these classes of models is that they require precise estimates of residual chlorine decay parameters under all possible operating conditions. In addition, the deterministic approaches require an accurate and calibrated hydraulic model of the system. The research paper by Polycarpou et al. (2002) emphasizes the problem of unnecessary computational efforts that involve extended period simulations required by deterministic models even for small water distribution systems. Real-time management applications generally require model output within a much shorter time frame than the extended period simulation time frames. May et al. (2008a) finally indicates that forecasting water quality with deterministic models can become problematic, since future demands need either to be known or to be accurately predicted.
Because of the problems and difficulties of deterministic approaches summarized above, artificial neural networks The study has shown that the general regression neural network is capable of capturing any nonlinear relationship that may be present in the data sets they have utilized. Further, the performance comparisons between the general regression neural network model and a multiple linear regression model have proved that the first has a better predictive ability than the second. The developed general regression neural network models were reported to be able to forecast chlorine levels with a high level of accuracy, up to 24 hours in advance for their systems.
It is expected that ANN modelling approaches will find many applications in future in control of FRC levels in water distribution systems. This particular research was started to critically investigate the potential and applicability of the ANN approach as a mathematical tool for controlling FRC levels in complex water distribution systems supplied by high quality waters with low chlorine decay rates. In order to 
METHODS Antalya Konyaalti water distribution network
In order to achieve the goals of this particular research, reliable real-time data collected from a reasonably large and complex water distribution system were needed. Antalya 
Raw water quality
Raw water quality prior to chlorination and water samples from the studied water distribution network following chlorination were monitored bimonthly at 27 locations starting from July 2008 to December 2009. The monitoring results showed that the area has excellent water quality especially regarding chlorine demand. In this respect, the water has very low concentrations of TOC, bromide, Fe, Mn, NH 4 and nearly no faecal coliform. Details are given in Table 1 .
Chlorine bulk decay coefficient (K b ) of raw water was investigated twice in the lab, and yielded an average coefficient of 0.11 day À1 . Relevant literature (Rossman 2000) gives the expected range for K b to be below 0.01 to more than 1.0 day À1 . The magnitude of K b is heavily dependent on the quality of the water being modelled.
Chlorine decay is also affected by wall decay (K w ) of the pipes of the water distribution network. Deterministic modelling of the pilot study area using the hydraulic and water quality model EPANET (Rossman 2000) has shown that the average wall decay coefficient is equal to 0.01 m/day. Relevant literature (Rossman 2000 reports the expected range for K w to be from 0.00 to 1.524 m/day.
Selection of input variables
The purpose of ANN modelling in the water distribution field is to obtain a mathematical tool to calculate the necessary input levels of chlorine at control points to satisfy the desired levels of FRC at critical points. For this specific study, the critical point is Vestel station (V) and the control point is Bogacay Service Reservoir and Pumping Station (SR). Our aim is to investigate the applicability of ANN models developed as a FRC control tool for a fairly complex water distribution system with high quality raw water input.
In order to initiate ANN modelling one has to decide the input parameters at the control points and the forecast horizon. Simply, input parameter selection is a decisionmaking process of eliminating irrelevant or redundant variables while selecting the most appropriate ones for better forecasting or control. This can be achieved either based on an expert's knowledge or using an automated/algorithmic tool or technique. In literature, there are two basic classes of approaches to input variable selection problem: wrapping and filtering (May et al. 2008b) . In wrapping, the variable selection task is seen as a search process with the objective of obtaining best performance of the calibrated model (Sérodes et al. 2001) . As a consequence, wrapping is a model-based approach. Clearly, the input variable selection problem requires combinatorial treatment of the solution space. One of the drawbacks of the wrapping approach is too much model calibration and evaluation requirement that increases the total cost of the overall computational process (Kwak & Choi 2002) . Also, because of model dependence, the obtained set is the best one only for the current model architecture and depends on the adopted performance criteria. So the selected 
RESULTS AND DISCUSSION
The cross-correlation structure between the free residual 
ANN model development

Model building
Several ANN models for the target, FRC(t) V , have been performed.
Scenario analysis
The developed ANN model has been tested for its efficiency and suitability in controlling FRC SR dose levels. 
CONCLUSIONS AND RECOMMENDATIONS
The study has shown the importance of the nature of the collected data that would be utilized in building multi-input- 
